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REER]; £ HLEARS S S TR 2 TEEEMA; ST debug MIBCREREY
BT,
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2.2.1 W25 \i®4H
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4 RAR BT FIERT T IRMENC EANFEZ )G, TRE R RZREMR,
SRR ER N, RERERHAR, HLP EPERSHE,
HHRNAEMED o i, RRKEEERGS, L, REFRREA RGO,

2.3 AN
2.3.1 VGA &R

2.3.1.1 VGA ER5A
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DATA

VSYNC

B (s

o
Y
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2 VGA ToRIF

VGA VMBI F—W R LR G E AR TR, ENFWE 2 R, TR
RETA M E S5 R sSE I F 2, BN B B AR R4 HTIETIHTIETI’%%X’i‘é BATEE
15 F SRS R LY vgac BEER ST VGA TR,

T vaac XA, vgac BEHLE e 2l hs F1 vs HE S, FHIERT— voa_clk A
IR A R — B S E BRI ZE M row addr 1 col_addr . [RIRY,  vgac ¥4 & Hi% A KT
d in #7770 r, g, b =REARRERIRE, WS T REs.

Hitk, AT DAL — renderer {EHAEELS vgac TR, S EHAIRE]

row_addr Al col addr MW ANGZESHIEEE d in[11:0] o [N renderer B FRZ AL
—R5 ROM ip 2RI ETFRE DRI E FE4, SN IRBU AR EHE

2.3.1.2 display Bibri%it


https://guahao31.github.io/2024_DD/final_project/device/
https://guahao31.github.io/2024_DD/final_project/device/
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rst [0
clk@ clic vga_clk
L o R o e
clk : dm : T I ST Dvga_green
st
‘ . V00> vga blue
w1 T Dvaa_heyne
hs
map_21 721@ - l—‘{ ::>vga_vsync

pacman_x[0oo =T
pacman _y
ghost_x-_l I—-
ghost_y[000> |
pacman _direction| < o
ghosi_di(ection[@ - ore
s(a(e@'—

tife,_ count (OB ]
score[D00pym——-—"t——1

3 display FERHE & R EH A
3 JER T display fRERIFELR,

,EQEF‘, renderer ﬁﬂ%!ﬁ%%ﬁ, i NIRRT A ZoR (5 EA vga _driver IR [A]F
row addr, col addr, AN TRERRINGEA, ERERAEEIEFHR ROMip #%, HHHEIEH
1) ROM HiutibFF B 12 MG EBIEER, FH% voa driver BB,

vga_driver MEPREHZMA TR AR AR voac BIRAIHE, BB VGA RITTHIHE
Eﬁ%%, B ARG Z5 (5 R s vga_red, vga green,vga blue = NEE,

clkx BEEH A Clock Wizard ip #Z4E X 25.175MHz [ vga_clk, PAJXZf vga driver £5
B,

2.3.1.3 B EM 2
{ifi Fi] Photoshop BIEA/NE B EAG, {2 T LR RSB G,

3 [d
Selll ©*

4 HEIEREM R
4 R TR EI G EM . BEEMEE TER, ShEFAE S E RS,
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2.3.1.4 coe X HER

B45E python F2/ ¥ (MLTFIK png convertor.py ) ¥ Photoshop SHifY 8-bit . png #&7X
EG A 4-bit . coe MR, EERBIREGNEMEE, KHEHAGEEMETE] 4-
bitRGB == [H], FHHIHZ] . coe SXHHIT],

NTRD ip BIVEE, REENAENSTERE—D ROM H, KITERNEFRE—"
ROM H, FrDIHFRZERE | coe SR THE R &5 9F

2.3.1.5 ROM ip ¥ @]t

Vivado f&fit T _ENTFERY ip #% Block Memory Generator, A HIXA ip BoRIFEMEE A
=M,

Re-customize IP X
Block Memory Generator (8.4)
@ Documentation IP Location  C' Switch to Defaults
IP Symbol  Power Estimation Component Name rom \_pacman_12_16_20_20
Show disabled ports Basic  PortAOptions  Other Options | Summary
Memory Size
oA e Rare: 1046000

Port ADepth 6400 Range: 2o 1048576
The Width and Depth values are used for Read Operation in Port A

Operating Mode | Write First Enable Port Type = Always Enabled v

v put Reg Core Output Register

REGCEA Pin

” + BRAM PORTE Port A Output Reset Options.
- RSTA Pin (setfreset pin)  Output Reset Value (Hex) 0

Reset Priority  CE (Latch or Register Enable)

READ Address Change A

5 {#i/ Black Memory Generator “£ i, ROM ip #

T 4CFE Basic SR T1EEE Single Port ROM, BIERYS R E, IAJGTE Options hR%s
DUi%E4% Always Enabled , FHZIEFRZEFMEHVEIEE R/ NMAT A TEAINIR, & 5 1Ay
rom pacman_12 16 20 20 217 16 5K 20*20 BY 4-bit B, ArLARIIRN 16 x 20 x 20 =
6400, BJ5TE Other Options hR%s DULFENNEHILEI . coe XXM, ARG ip #HIA],

VA H ip BINTREER ip AV 2 AR

ENTITY rom _pacman_12 16 20 20 IS
PORT (
clka : IN STD LOGIC;
addra : IN STD LOGIC VECTOR(12 DOWNTO 0);
douta : OUT STD LOGIC VECTOR(11 DOWNTO 0)
)i
END rom_pacman_12 16 20 20;



BT FPGA HINZE NIRRT 9

2.3.2 W9 3%

2.3.2.1 WIS 88 T 1R B
B S 38 A — M A I, 38 IS VA RS S R ORAS BN N A 7 =
PR AN S B T LAY 77 TR
SE+ I, BATHRIEERM C3 2| Be I 48 PN S RS2 ARFRIR, AR FRan
™
integer note freq [0:47] = {
// C, C#, D, D#, E, F, F#, G, G#, A, A#, B
131, 139, 147, 156, 165, 175, 185, 196, 208, 220, 233, 247, // C3 - B3
262, 277, 294, 311, 330, 349, 370, 392, 415, 440, 466, 494, // C4 - B4

523, 554, 587, 622, 659, 698, 740, 784, 831, 880, 932, 988, // (5 - B5
1047, 1109, 1175, 1245, 1319, 1397, 1480, 1568, 1661, 1760, 1865, 1976 // C6 - B6

FEEASCHIN ,  ARTE 4 AT 15 g i O N R AR, SR T e I i i X IR A 7578
55 R0,

2.3.2.2 music Bt

‘‘‘‘‘‘‘‘‘‘‘‘‘‘ rst
Clk@_ Vclk- S - - clk_ms C
- rst -
— - uzzer_driver
- S L - music_sel:.. - - ... note B — -
S eat'_fruit - eat_fruit - - - P S S
- bl clk.ms - -
S buzzer_sync S

6 music FEHL RS R
6 7& music FEELAY R A,
o buzzer_driver TEHE T & BN I, HUEHIAII 1 note MIXRIZEA clk 98
D, AT beep (S5 HURNEL, M SR T
buzzer_sync BIHLIEE T IIPRIOFTE & RIS, 145 Startup, Slow. Fast, Gameover
VORPE SR A eat B AR
2.3.2.3 5%

G565 MBI _E 2 fa i SRR DA REE AR REERTH,  $fE A Online Sequence X4
FEZR midi g AT T ERORTE, HTRIGSRNESHRIEZINER, BARE 7 Eherm
WM E By, HRIESETAES, HiE 7 SIER BPM,


https://onlinesequencer.net
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20 e ST
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& 7 Startup BRI

FRH 1ms AERERNER/ N HEER, Flan, & 7 BRI Startup & RN 220BPM,
4/4 31, MREIHER] DISHIE 16 20 B RFRFFELIEA 68ms.

BT & RRAFESEIFAKR, FREH integer BAFME R, HHEHEE NRRE
TF9mhd, BIUN Startup EIRHITFAEFIZRRL0R

// start up music

integer startup_time = 4352; // ms

integer startup note time = 68; // ms

integer startup [0:63] = {
*C5, “empty, °C6, “empty, 'G5, ‘empty, 'E5, “empty, 'C6, "G5, 'E5, “empty, 'E5, “E5, 'E5, “empty,
"C 5, ‘empty, "C 6, “empty, G 5, “empty, 'F5, “empty, 'C 6, 'G5, “F5, ‘empty, “F5, "F5, 'F5, “empty,
“C5, “empty, 'C 6, “empty, 'G5, “empty, 'E5, “empty, 'C6, 'G5, "E5, ‘empty, “E5, "E5, 'E5, “empty,
‘D 5, 'E5, 'F5, “empty, 'F5, 'F 5, 'G5, “empty, 'G5, ‘G 5, ‘A5, ‘empty, 'C6, “empty, “empty, “empty

};

2.3.3 PS/2 ik

AP N NS EREIEES, HTRENMMSSIET RGNS, P ATREA
AN DT e R A7 L — DR EIRERE, MMEERE— A EIHE, @ R AR T
ARIVER AW A, B AFEIEAGE, BT PAGUE MY direction PAK space
Lifan

ERAEGRENEGRCIEER : Eo MEIREE, PANKE: Eo. Fo MEIEFEERE, m
space HIEL 5 WA NIAEX THIE A B0 XNEHE, Hb, — DB EEEAEHE 11 47,
HAE 8 higH /L,

3 BT FPGA W2 e NIk iseit s
3.1 iR A

3.1.1 game_interface Bk

£ game_interface fEH, FATSCHEL TIEE S A TTFI{E (B keyboard_input) £XZE
WS NN TR, TN T TS558 score AUSEHN, SEIREA R BATRENLIGIZIERIZE N,
HAEAFEEOL GFENITaaRT, . B3R, 450 WA RE RERE, REIZBR
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i HREIEIS top BAERAHEY vga BEEL DA ip AYYE FHSCIEAY). E DA I B, 185
B San R E PR,

game_interface fl4E 3 T, 77JE pacman_move(IERIZE NAEAR, F7IAl. 774K,
Al EEHE]), ghost_move BERE (IESREAR 1A, AR, USRS, BERIER. 1ZEIVEIZE
N), PAN clk_1ms IR 50RER GFsRIN 3% B 1ms) o

keyboard_input[ Q0 ey
st e ——— st e
................................ keyboard_..: - - - - -
L k[ D———— . ok o ITI T pacmanx
T e state T pacman
D I IR [ I
|
S , tate
D M 1 1 st T el
conrrrrr s e prayerax < devily
N [ e N
L e score . .11 direction.,

Kl 8 game interface FBiHLFH K [ HHA]

3.1.2 HuE S
i 5] )

D % % ¥ I ¥ ¥ ¥ ¥ ¥ I
b — i T i i T =
D % % ¥ I ¥ ¥ ¥ ¥ ¥ I

Trrrr>Tr>r>>>>>P>>>>I>> > >
D ¥ % I % ¥ % % DX % ¥ DX X X X X X ¥ I
DX %> % %I %D XD XD X DX ¥ > ¥ D
D ¥ % % % DI % ¥ X % X X ¥ DX ¥ DD X D
D ¥ I %k % % F % ¥ ¥ % X X ¥ X X X * X ¥ I
Pl b T e — T i = T i = - i~ I o
D ¥ % % % X F X X X X X D X X X ¥ I D ¥ I
D ¥ % % % DI % ¥ X % X DX X X ¥ DD X D

DX %> %> ¥ D> ¥ ¥ ¥ DX ¥ & X ¥ D

D ¥ % > X % ¥ % >
D x> % % >

D ¥ % > % % % % I
D ¥ % % % DI % ¥ X % X DX X X ¥ DD X D

DX %> %> ¥ D> ¥ ¥ ¥ DX ¥ & X ¥ D
D ¥ % % % X F X X X X X D X X X ¥ I D ¥ I
Pl b T e — T i = T i = - i~ I o
D ¥ I %k % % F % ¥ ¥ % X X ¥ X X X * X ¥ I
D ¥ % % % DI % ¥ X % X X ¥ DX ¥ DD X D
DX %> % %I %D XD XD X DX ¥ > ¥ D
D ¥ % I % ¥ % % DX % ¥ DX X X X X X ¥ I
Trrrr>Tr>r>>>>>P>>>>I>> > >

25|

2o HiE

3.1.3 IZE ANF3l Sl

XEBATEX B B . BEDAIN 01,23, 42T NEWE—1>KH T keyboard Y
WG, AMZEANRETTIE, FAERBENFE, ROIFEAMIZEANERSIIETZGS
“fEhE, BTIRMAEG AN Z EE, Rt REfRHAIZ G x My 2RFRERGETH
W7o 31X ELFRATIR FH Ml P8 A T R fRASEALL,



FT FPGA MIIZ T NIRRT 12

AT pacman RSN AR, FHRE 9 LAY pacman_x 1 pacman_y M THREGT, AR
517534 pacman_x 1 pacman_y Xf 20 BxE (25 AGE AR/ 20°20), MRS x Fy 2N
map_x Ml map_y, $ZHFATE X counter_x Fl counter_y NIZE N FIMYILFE R, @ITPY
MLHETRA AT LAz G R bl 128, WZETFH, eat W& B, FER—
BEMNET, 28gin—, RN map PR MM EZRTZH, LR E—Ml+
(RAmA1_E 961

2'b00 : begin
if(map[counter y-1][map x]==2'b01||map[counter y-1][counter x]==2'b01) begin
pacman_X <= pacman_X;
pacman_y <= pacman_y;
eat <= 0;

end
else begin
if(map[counter_y-1][map_x]==2'bll&&map[counter y-1][counter x]==2'b00) begin
map[map_y-1][map x]=2'b00;
eat <= 1;
sum_of dot=sum_of dot-1;
end
else if(map[counter_y-1][map_ x]==2'b00&Smap[counter_y-1][counter x]==2'b1l1l) begin
map[counter_y-1][counter x]=2'b00;
eat <= 1;
sum_of dot=sum of dot-1;
end
else if(map[counter_y-1][map x]==2'bll&Smap[counter_y-1][counter x]==2'b1ll) begin
if(map_x==counter x) begin
sum_of dot=sum of dot-1;
end
else begin
sum of dot=sum of dot-2;
end
map[counter y-1][map x]=2'b00;
map[counter y-1][counter x]=2'b00;
eat <= 1;

end

pacman_X <= pacman X;
pacman_y <= pacman_y - 1;
pacman_direction <= 2'b00;
end

end

RIS EM R

: ——

& keyboard_input[1:0]
M state[1:0]

4 flag
&' pacman_x[8:0] XXX

® pacman_y[8:0] XXX

& count[15:0] XXXX

% map[20:0][20:0][1:0] POXXXOXXXX X,
g eat X

% pacman_direction[1:0] X

10 pacman Eﬁ%{ﬁ
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3.1.4 R
3.1.4.1 FEHLE SE I

AR F O BEAL B 4%, BITETEXN R BN 4 T ES seed —DME; BRINHH 1
I, ARIEH AT score 1R FFMNLA—RANE ZiIa B HAR,  AEGEREEL AT X AL A0 T
H

if (1 && map[(devil y/20)][(devil x+19)/20-1]1==1 && !(map[devil y/20][(devil x/20)+1]==1)) begin
if (random % 3 == 0) begin
devil y <= devil y + 1;
direction reg <= 1;
end
if (random % 3 == 1) begin
devil y <= devil y - 1;
direction reg <= 0;
end
if (random % 3 == 2) begin
devil x <= devil x + 1;
direction_reg <= 3;
end
end
else if (!(map[(devil y+19)/20-1][devil x/20]==1) && !(map[(devil y/20)+1][devil x/20]==1) && !
(map[(devil y/20)][(devil x+19)/20-1]==1) && map[devil y/20][(devil x/20)+1]==1) begin
if (random % 3 == 0) begin
devil y <= devil y + 1;
direction reg <= 1;
end
if (random % 3 == 1) begin
devil y <= devil y - 1;
direction reg <= 0;
end
if (random % 3 == 2) begin
devil x <= devil x - 1;
direction reg <= 2;
end
end
else if (map[(devil y+19)/20-1][devil x/20]==1 && !(map[(devil y/20)+1][devil x/20]==1) && !
(map[(devil y/20)]1[(devil x+19)/20-1]1==1) && map[devil y/20][(devil x/20)+1]==1) begin
if (random % 2 == 0) begin
devil y <= devil y + 1;
direction reg <= 1;
end
if (random % 2 == 1) begin
devil x <= devil x + 1;
direction reg <= 3;
end
end
else if (!(map[(devil y+19)/20-1][devil x/20]==1) && map[(devil y/20)+1][devil x/20]==1 && map[(devil y/20)]
[(devil x+19)/20-1]==1 && !(map[devil y/20][(devil x/20)+1]==1)) begin
if (random % 2 == 0) begin
devil y <= devil y - 1;
direction reg <= 0;
end
if (random % 2 == 1) begin
devil x <= devil x + 1;
direction reg <= 3;
end
end
else if (!(map[(devil y+19)/20-1][devil x/20]==1) && map[(devil y/20)+1][devil x/20]==1 && !
(map[(devil y/20)]1[(devil x+19)/20-1]==1) && map[devil y/20]1[(devil x/20)+1]==1) begin
if (random % 2 == 0) begin
devil y <= devil y - 1;
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direction reg <= 0;
end
if (random % 2 == 1) begin
devil x <= devil x - 1;
direction reg <= 2;
end
end

3.1.4.2 I RIMEZEN

FEARIER A, A1 T RIS S, MRS 2 5 SARIE = A & B L7
A 5EEE, SKMEATTRIAIREALE S, 255 AW I 2 AR REEAR AT, oAb n
AR, R AT A _ B A IR MRS, ARG EREIE; SR MR IR, B
KWWAEMER IR —, RN, #RFE AR

else if (player y-devil y<20 && player y-devil y>0|| devil y -player y <20 &&devil y -player y >0)begin
if (player x-devil x>0)begin
if (direction_reg==3)begin
if (cnt_count<10)begin
cnt_count<=cnt_count+2;
end
else begin
cnt_count<=0;
end
music<=3;
end
else begin
if (cnt_count<10)begin
cnt_count<=cnt_count+1;
end
else begin
cnt_count<=0;
end
music<=2;
end
end
else if (player x-devil x<@)begin
if (direction reg==2)begin
if (cnt_count<10)begin
cnt _count<=cnt count+2;
end
else begin
cnt _count<=0;
end
music<=3;
end
else begin
if (cnt_count<10)begin
cnt_count<=cnt_count+1;
end
else begin
cnt_count<=0;
end
music<=2;
end
end
end
if (direction reg==0&&! (map[(devil y+19)/20-1][devil x/20]==1))begin
devil_y<=devil y-1;
end
else if (direction reg==1&&!(map[(devil y/20)+1][devil x/20]==1))begin
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devil_ y<=devil y+1;

end

else if (direction reg==2&&!(map[(devil y/20)]1[(devil x+19)/20-1]==1))begin
devil x<=devil x-1;

end

else if (direction reg==3&&!(map[devil y/20][(devil x/20)+1]==1))begin
devil x<=devil x+1;

end

(ACTIGERIIEN

[ [eilir]

(tRREEERERER L L L L L L L LR L L L)L LR R R 3 R B33

12 ghost BHULE(x Al y B AZE{L)
3.1.5 BCD iH4(8%
PAR 2 ER g s

always @(posedge Clk) begin
if (Rst_n) begin
cnt <= 4'do;
end
else begin
if(eat) begin
if (Cin == 1'bl) begin
if (cnt == 4'd9) begin
cnt <= 4'd0;
end
else begin
cnt <= cnt + 1'bl;
end
end
else begin
cnt <= cnt;
end
end
end
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end
assign Cout = (Rst n==1)70:(cnt==4'd9&&Cin==1"'bl)

(CIGERIIEN

L [20 ' 40..000. ns; m 000,08 ... ir. ... (80 ' 00..000. ns 20,000 40.000. ns ’7

.. 0000 | 0001 | 0002 / 0003 } 0004 | 0005 | 0006 | 0007 | 0008 / 0009 0010 | 0011 ) 0012 | 0013 | 0014 |...

& 13 PY{ii BCD HEHYGE
3.2 VGA biaiion

3.2.1 vga_driver B 5N 5 B

e

e e

14 vga_driver {fEIRIERHD

fHH vga driver tb.v *f vga driver ﬁﬁﬁiﬁ, T vga driver I, aniEl 14 Fir
N, rdn 25 col addr [FI2PERT— vga_clk JEHA, IXFEFLEEIEIL rdn SRHIWT col addr .
row_addr B AN, AT T — M EAPIFEDRIGRREG B

3.2.2 renderer ﬁﬂ%@ﬁfﬁ’

renderer FEELTFEAR 2 row_addr il col addr %T%EX*HE1§L%E"J@%§5@E, IR EI=PO
RUESE,  TXMT FEUM OB iy e S S8 A ARl

NFEH—NMERIMZENE row_addr col_addr, HIWHIXMEEZEEIED FIXEA,
NSRS, WRTE RS AN ROM FRIHEREE; NRAZ, WEREEERE &
ROM, Hillt, &4 TEENME, BERAANYTEERHEE, HKE dot, HEZIMHT
KATLREBAFESEE RN,

NTAF=ERNFRB, renderer BELTEHEH always @(*) HEHREE, FHEEH 100MHz
[ clk IX3) ROM F&E, IXAE B vga clk EEAN RS NTEH AR HINE, 2808 NERET
EaRiRm, i IERRRYERE,

always @(*) begin
if(rst) begin
rom_pacman_col_addr <= 0;
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rom pacman_row_addr <= 0;
rom ghost col addr <= 0;
rom ghost row addr <= 0;
rom numbers col addr <= 0;
rom numbers row addr <= 0;
rom state row addr <= 0;
rom state col addr <= 0;
rom state state <= 0;
rom dot col addr <= 0;
rom dot row addr <= 0;
data out <= 0;
end else
if(!rdn) begin
[/>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 15 ghost
if(
row_addr > 29 &&
col_addr > 29 && // is in map
row_addr - 30 > ghost y - 1 &&
row_addr - 30 < ghost_ y + 20 &&
col _addr - 30 > ghost x - 1 &&
col _addr - 30 < ghost x + 20
) begin
rom _ghost row addr <= (row_addr - 30) - ghost y;
rom _ghost col addr <= (col _addr - 30) - ghost x;
data out <= rom_ghost data;
[/>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 15 pacman
end else if(
row addr > 29 &&
col addr > 29 && // is in map
row addr - 30 > pacman y - 1 &&
row_addr - 30 < pacman y + 20 &&
col addr - 30 > pacman x - 1 &&
col addr - 30 < pacman_x + 20
) begin
rom pacman row addr <= (row addr - 30) - pacman_ y;
rom pacman col addr <= (col addr - 30) - pacman Xx;
data_out <= rom_pacman_data;
/// ceooconccososcononoane

FHREERT renderer FIEBBEHFM A ERE T, HIWZE1EE]T rom_row addr
M rom col addr, JXEENZEMLLS rom controller, SASGTE— clk EHfS, ROM ip #fi
H:'ITEE@E"J%GE, [N} row_addr 7l col addr 1)3%5'39, B data out VAR'GESEVE

3.2.2.1 rom_controller B

PWAFEHIHE rom addr F720EIT row addr A1 col addr #E15F], AT R LIX—idRE, FKik
T rom _controller BEHRESEE ROM ip #%, FEESCIIHIEAYH:HE,
rom pacman controller W& T:

module rom pacman controller(
input clk,
input wire [1:0] direction, number,
input wire [4:0] row addr, col addr,
output wire [11:0] data

)i

wire [12:0] rom addr;
assign rom addr = direction * 1600 + number * 400 + row addr * 20 + col addr;

rom pacman 12 16 20 20 inst(
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.clka(clk),
.addra(rom_addr),
.douta(data)

DB

endmodule

HT pacman & 4 FU5 AL BRTIE 4 WETE, Fr AT FIER 1600 HIWS, &GS
Jik 400 FMRFRE, BATIERK 20 AYIWAS, IXAERLERE] T ERARY AL,

3.2.2.2 cyclic_counter BigRs

pacman HIENEFEBUEHAFSI M e, 1, 2, 3, 2, 1, N THKEIE, FZTT
cyclic 4 conter %Jﬁﬁﬂ'l‘iﬁiﬁﬁ\ﬁﬁu, FERe&h S H 2 pacman_rom_controller 1)

number .

“define interval 5 // 12 fps

module cyclic 4 counter( // 012 3 21,
input v_sync, // frame by frame
input rst,
output wire [1:0] count

)E

logic [1:0] array [0:5] = {
2'b00, 2'bO1, 2'blG, 2'bll, 2'blO, 2'bO1
58

logic [3:0] interval counter; // up to interval = 16
logic [2:0] count value; // 0 to 5

assign count = array[count valuel;

always @(negedge v_sync or posedge rst) begin
if(rst) begin
interval _counter <= 0;
count_value <= 0;
end else begin
if(interval counter == ‘interval - 1) begin
interval counter <= 0;
count_value <= (count value + 1) % 6;
end else begin
interval counter <= interval counter + 1;
end
end
end

1M ghost FM B 1 2 M, MATFEXLERKT

3.2.3 VGA HA BRI
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SIMULATION - Behaviora Simulation - Functiona - sim_{ - renderer_th

vvvvv

0¢  ame o

15 display BERGTEFMEIE

T Vivado {/i & display B B R EAHRE L, HigsK (e 15, &
KIEhEFTRZE HiF4E 1s ) 2GR, X display BT T —IREEMH,
171 58 2 A S TR IR I IEAE LA B RE, BRSTTEC A &I renderer BEIRBEISTE—
A vga_clk FIEAN KN HER vga_driver BEUNEZRIE EIIER, &1 posedge vga_clk X[
IN[EES ISR PR R

AR A EEEFERNME, SERHRIIE, SRFENSEFIRE, W
KO TEGIER, AYshEe s e,

N

——r—

vaC-Ma)y
SCORE
1254

LEIFE
[ & & <

READY"

 E 16 display EEEATIAI
I 16 TTAE 1, VGA SoRit A E HEMLE, Fia s e S r, s
B RS E. RS, AMEESIES Bn, SN, R E RS R b
dot B ELER 2> b, MIRAYLE T & T,
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3.3 SIS S SRR

3.3.1 buzzer driver FitgRE

buzzer driver CEANELIEE T A M AR, N SEELER S FEATCR AT B0 5
beep K31,

always @(posedge clk or posedge rst) begin
if(rst) begin
counter <= 0;
beep <= 0;
end else begin
if(note < 48) begin // valid note
threshold <= CLK FREQ / (2 * note freq[notel);
// counter imp
if(counter >= threshold) begin
counter <= 0;
beep <= ~beep;
end else begin
counter <= counter + 1;
end
end else begin // invalid note, or stop
threshold <= 0; // stop buzzer
beep <= 0;
end
end
end

FHEIXBAARSEIL T reset IRE, 7E RN BH B HATE 56 24 W1 & A7 b i AN B 1Y 35 1= F
JEIHH th reshold HEI—DHEES, B2 threshold IHIT—IX beep (5 MIEE, Mk
ELIEY) XTF“ (77 1A B R X B IS 25

3.3.2 buzzer_sync B s

buzzer sync 75 ENESIRYE music selection IEFRIEHMINE B RERCREE, FE
HEETFEMHIE music selection JEFE, MEFH eat FEMEEKMHEGE, HEETH
RAIB A B ﬁl:f'ﬁé)} TERIIEFERNE RS R, THE buzzer sync L T 22
BER I

always @(posedge clk ms or posedge rst) begin
// reset
if(rst) begin
music_state <= "IDLE; // set idle
counter <= 0;
eat_state <= 0; // not eating
note <= “empty; // no sound
eat state reg <= 0;
// other
end else if(eat fruit) begin
eat state <= 1;
end else begin
// eat
if(eat state) begin // Eating state
if(eat counter < eat time) begin
note <= eat[eat counter / eat note time]; // play the note for this ms
eat_counter <= eat counter + 1;
end else begin
eat_state <= 0; // stop eating
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eat counter <= 0;
end

end else begin
if(music_state != music selection) begin
music_state <= music_selection;
counter <= 0;
end else begin
counter <= counter + 1;
case(music_state)
“IDLE: note <= ‘empty;
*STARTUP: begin
if(counter < startup time) begin
note <= startup[counter / startup note time];
end else begin
music state <= "IDLE;
counter <= 0;
end
end
"GAMEOVER: begin
if(counter < gameover_time) begin
note <= gameover[counter / gameover note timel;
end else begin
music state <= "IDLE;
counter <= 0;
end
end
“SLOW: begin
if(counter >= slow time) counter <= 0;
note <= slow and fast[counter / slow note time];
end
“FAST: begin
if(counter >= fast time) counter <= 0;
note <= slow and fast[counter / fast note time];
end
default: begin
music state <= "IDLE;
counter <= 0;
end
endcase
end
end
end
end

3.3.3 buzzer_sync ﬁﬂ%fﬁﬁ

17 buzzer_sync {iEKIE: IEHRRIN Startup & /R

T music BERAVEARIRELEDT HIN RIS AYIAIRE,  HALOON buzzer _sync MEAT1T
H, H#ARK ctk_ms SLFR FJ2H ns IPIKENAY, RIEE 17 ATCAEH, buzzer_sync IEFfikm
H 7Bl 7 F1i AT Startup B Ro

3.3.4 music BHLIA

K swi1:0] BREFE] music_selection, f sw[2] BRESE] eat fruit FEEEMAR _EIHATINA,
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FARMBAIC @ A R, TR I music BIERINREIE R, SRR
music_selection fEEMIE Ko BATEI, SEPR LFE eat fruit MFULIEA SEERIZE &R,

H2 % RSN AR IR B ki S R RIS 1ms,  SERRIFBTN A (R AT,

3.4 PS/2 BESEIN

DU

always @(posedge clk) begin
pre_up=

up;

pre_down=down;
pre_left=left;
pre_right=right;

case (dat
10"

10'

10'

10"

10"

10"

10"

10"

10'

10'
endcase

if(pre_up==0&Sup==1)begin

a)

h272:
h372:

down= 1;
down= 0;

h29:space= 1;

h129

h374

:space= 0;
h275:
h375:
h26B:
h36B:
h274:

up= 1;

up= 0;
left= 1;
left= 0;
right = 1;

:right= 0;

direction=0;

end

if(pre_down==0&&down==1)begin

direction=1;

end

if(pre_left==0&&1left==1)begin

direction=2;

end

if (pre_right==0&&right==1)begin

direction=3;

end
end

R, R TREmTHHAE

N TR A ERYE, FIF direction FHH SRS LED b, MRIENFERHZHEROGE

LED fy522K, DARE MR

& 18

ps2 MRIEA
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4 BRI S 73 B
4.1 YIgEER

ORI, THAEE R, SRR AT AR, RSB 6a%s)
RS IREREM, WZGNBIZ— DS 1, BSE L2 G r =R

&l 19 EWRIEREIBITIRA

SR EISE 2 JEBEY LR T AT, AERZE ANEREDET A L, SRRERS
e, WNRBMGZENHT ThEHE, ZENEmERRER—, "E2HAE R,

&l 20 Aan{Ei IR A
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HZG NEEIER, FEXRRRETRE R, W 2 R

&l 21 AEan{E D HIRR A

4.2 5bt

METEHUAGEE R E, —EiS NHTERARRR, #ANYEERESE
RIME, Fe2iliEReeE i \eiE [ B Fa3hifEN,

T R R T EBEA LB EAR T2 AR BN, M2 N IR S B
i R P] RE SRR K — BB R TR AR IR Y BE 2R A2

H=, RO HEARHEA, N T RIETERA N, AR T IR sNEE,
HIXM S TIZEE FRrRERNR R, A RSG5 TC ) SRS A, X e (R n]
DARGH— 2 g e,
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5 g5k Ry
5.1 JEF ) ] B OO
5.1.1 Clock Wizard ip #%5 RN 5] b 8

VGA RHHIRBNIN S vga_clk JRATTXIEA Clock Wizard ip £/~ AEFRAERY 25.175MHz
NS S, XA ip 2%, FRHOE 7/ 3.2.3 SRR, (27 G HEEEN TR
IR, LI Vivado2022 £ -RTE implementation FY route_design #8473 — N2/ NS H
R R

HHERG, AT implementation HY log, &I Vivado TEAMLALILH EAETE
WNS(Worst Negative Slack) A%k, BIJCIAR S P ZsRAE, fma RELRN Pt
BR R, (B2 HE TR E RS implementation Z5H G A 4R, FRICHEN 74
I 7 B BB 2R

FRBA, TR Vivado2024.1 SRAE THE, AT HIE T implementation, TERNFHkE
FRORER T AN 22 R s A i B2k

Path 41 -3
Summary A
Name Ty Path 41

Slack 6.510ns
Source [ <hidden> (rising edge-triggered c
Destination [ display_instirenderer_inst/data_oul

Path Group vga_clk_clkx

Path Type Setup (Max at Slow Proces:
Requirement 0.046ns (vga_clk_clkx
Data Path Delay 3.236ns (|
Logic Levels 9 (LUT3=1 LUT5=2 LUTE=3 MUXF7=
Clock Path Skew -3.156ns

Clock Uncertainty 0.228ns

Clock Dom.._Crossin, g Inter clock paths are considered valid
Source Clock Path
Delay Type Incr (ns) Path (ns)  Locatior
(clock clk rise edge) (r) 1430.000  1430.000

(ry0.000  1430.000 Site: AC
net (fo=0) 0.000  1430.000

v

>

zneral Properties Report  Cells MNets N

K 22 Vivado2024 4= Bz E5 HoRHE 1 Ze s R A

22 fieEifat, M <hidden> (SEFn L5t/2 ROMip) F renderer YLk A I 5 BB
ﬁ, @%ﬁ%ﬂ<%7‘9\l§¢ﬁﬁ?§%, T sE i sk requirement {XH 0.046ns, IXEHR B
ZEUE M ROM ip #%I2HX, ROM ip #H ik IX3); MG EEIETE vaa driver A,
vga_driver H vga_clk JXzf; HIT MDA CR, NN AR
BRI 0.046ns, XHUA T B IEAIINFZK,

MIZBEEBINTELRERIS LSS, ROM ip BIRFIFT vga clk IR —E T i REE RS
IXR, Ak, FAIFHT Clock Wizard ip #%, i clk_div SkISF] 25MHz i vga_clk o

B2, XIFE2SFECEREN D RSSHIERA RS, ERIHFILEIRA 25MHz XK
HERRR, BABBNTELAFR ] DLEE X RGN FHE, %08 25.175 x 4 = 100.7 1
B, BATEEMRGINHRN 100.7MHz, X MR EEEAZI N 9.9305ns,

Bkzia, hRER TR,
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BINATATS TIX— BB IE S IEEERE SRR L. HATEBCREMH Clock
Wizard ip Bk 2 vga clk IR ESK, H HREMHRITRT Vivado SRFERIRFEILIT,
BN, BATARFEEME IR T, REMAE T RIENF IR BRI vaa clk
FNRE SN
5.1.2 VGA SiRMg s n] 8

ERASMIAH, VA B/ A MM, SEREBR. (B2, EEHNRER L
M, BRI SRGAE N BRI

FAENX —[AIBZH T game_interface BHUE R A7 FIAD xy e —EERS), F
BOELZ MBI NAZ FHEE IR, FRIMNEEIX 2 R ARl 1 4] W A 75 Te) R AR b HH 25 77 e T N A
REBK, FATTICEBS T REAIMRI S, REANYShEIEERER, EAEREER,
5.1.3 W25 N B E HhsE 31 1 ) 7
5.1.3.1 BEHPAH

TEA I, FAMERZE] T, HEBATZE, verilog &S & N X FEAHE R T,
TREEBERE, BAILILT system verilog 1ES SE K, EMYBEVEHEEH, ©H#HF
logic ZZ @A, A ARIINHHA reg F1 wire FIZHRE,
5.1.3.2 JAZKI

TEHIWIZ TN B G 2EEEEIZEN, BRI RIRA S, FREM G IZ T AR PR
R B A ABAMECRIHA T B BT, e B A AL f R A T
5.1.3.3 multidriven M8 (vivado %)

TEHTEE BRI LT, NIFFGEFA I vivado IR T multidriven Y[R, £83dWH5Y, K
JETEZMANE] always LR T [6]— MEBUE 7E A R H 02 1 AH TR B9 A/ o
5.2 Wig. S
5.2.1 by FiltE K

JEIEAIRENY, BN 7 RS IR AR E IR T, Rl fESC B S s RS Sh AT LA PS2
BRI R IR TR R E S ZIHIRSHL AR AL e iB 5, IXTEFREE N2
S IR P B HNR, RN BT ARKITE TE2HENIANR, 85 EaEEH
— PR 2R AU I, AW B SRR TS T T AYEE /T

5.2.2 by F8
BAEXUOFFREHETA K, REIUXIRANEVE TIERP ARG ERZ RS, 5k
SERRAIREIAE, — 77 ERAVINAEA BT git TEIFABR, FrLARA T R GA AT ET

AT FORBHMTIEE RS, 55— T, 1ERCR TR, A KN &0 — B4
HYEERFATIR S, IXHIE AR 7 A/ NRRIT, EEEE IRER, BAIkEEREil, M
typst /NHIIRESR EIFIEG FHR, KKIESE 7 E1ENR,
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XA IR T B A BT, I TIRZER, FERT HEAAZHUREAIR, 4
FERR T B ARE R HAP RS IRINERZ Startup BIR, 15 TIRIGERFE TS,
AV LP7EEEZ T Pacman ARSI ER, BT IX—RE M, FRAGREH
Photoshop & Hl|ZEM, I EMIZNE, #E]T ghost IRFEE MIFTH 77 FIX MY, iXtikFk
RA B

AR, FIEAE—IRIRFGEDE bug RIIEFEHX Vivado 742 T B IRZI T f#. FRM Xilinx H
FIgz B3 T BN i d . AMRlfgoR log AN BRI G AR, DA i@ s
schmetic HJRER 77 AT HLES [A] @,

5.2.3 by HifHR

B ARRKLEN, AT verilog IBEEA T — MHEINRZI PR, NHEZEAK SN
R AERAENNR T o TESCIIRZ G AR5 5 HIRIM R, FE=WmIR] A BCD MGG AT
FoR, B, RS HIW R S EEESE, GIR2U0R, 8 UaRedhsry: > st
AR it, MHBENEEEIRIAR,

5.3 g

ARRAENY BRI AT, HRARFEIRZ ] DUtE—038 H.

B RIEIE ., HTRRENE, SEXLINTESOZHEHIEE TR —FGETHe g
FR, BN, A SEE TR EDRE, T B AR E N E T RAESIERE, XS
Bz G NRMEE IS BRI A\ — 1 AYIEIE,

HIGE T RSEE, VA RS TReE, HAE—KER, R EME %,
A DA HIVE L R DU, IFREs B T AN e m S, XS R FEAHIE 2 R
M, o BCE 2RSSR 52 R
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6 ik
6.1 /PH T H T /EWH
BFA12HZ TR T :

- EFHEME (FPGA 4R /M) F S TERARR S [
- MHRE (ETUFRFHEE): FIMEHREARNEER

PATE R RSN T

oSS SCHY https://guahao31.github.io/2024_DD/final_project/device/ HHY vgac iR
oSG SCHY https://guahao31.github.io/2024_DD/lab7/multiplexer/#displaynumber H [
clkdiv FEEER

BAIZH B HAAE LT IRUN R :

* https://freepacman.org/ 25 NTEEIIFA: SHFAEHE., & REIE
« https://onlinesequencer.net/ TEL&Zmh MG : fal B AR R AN = R 1T
« Xilinx IEIZBE A
» https://support.xilinx.com/s/question/0D52E00006hpo9XSAQ/vivado%E4%B8%80%E7 %9
B%B4%E5%81%9C%E5%9C%A8-running-routedesign?language=en_US
fif iR Vivado {££7E Running route_design [A]#
» https://support.xilinx.com/s/question/0D52E00006hpogmSAA/vivado%E6%B2%A1%E6%9
C%8910g%E8%BE%93%E5%87%BA?language=en_US
RO & A log A7
» https://support.xilinx.com/s/question/0D52E00006hpdTfSAl/error-common-171284-badly
structured-ieee1735-one-of-the-encrypted-files-could-not-be-decrypted?language=en_US

RN ip AZIN A IR ST TC TR TR b

bR 7 EdZEeRl 2 Ah, AR EA TR AN RR S 1ETE R, TEILERR b, FRATE
TR FZ T R RS
- I HWR
> FSERZ L NI A2 B AR
» %3] System Verilog 1& 5 B4
- RIFS5HE
» TR IR G A
> IERIE AR IR T
» AMRAE IR
o Ghd 5 S
» YwE System Verilog (AL SEELFT A iEXR I RE
» #i'5 System Verilog 1S SEIRAME Fai N i
» R FIAL BRI R A
o M5 A
> TR BN


https://guahao31.github.io/2024_DD/final_project/device/
https://guahao31.github.io/2024_DD/lab7/multiplexer/#displaynumber
https://freepacman.org/
https://onlinesequencer.net/
https://support.xilinx.com/s/question/0D52E00006hpo9XSAQ/vivado%E4%B8%80%E7%9B%B4%E5%81%9C%E5%9C%A8-running-routedesign?language=en_US
https://support.xilinx.com/s/question/0D52E00006hpo9XSAQ/vivado%E4%B8%80%E7%9B%B4%E5%81%9C%E5%9C%A8-running-routedesign?language=en_US
https://support.xilinx.com/s/question/0D52E00006hpogmSAA/vivado%E6%B2%A1%E6%9C%89log%E8%BE%93%E5%87%BA?language=en_US
https://support.xilinx.com/s/question/0D52E00006hpogmSAA/vivado%E6%B2%A1%E6%9C%89log%E8%BE%93%E5%87%BA?language=en_US
https://support.xilinx.com/s/question/0D52E00006hpdTfSAI/error-common-171284-badlystructured-ieee1735-one-of-the-encrypted-files-could-not-be-decrypted?language=en_US
https://support.xilinx.com/s/question/0D52E00006hpdTfSAI/error-common-171284-badlystructured-ieee1735-one-of-the-encrypted-files-could-not-be-decrypted?language=en_US
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» MITRGIRTEM I

> HEAT PSSR

.« RN

» A%, SIS

» EEHREIRIHR S
NHRTBAR TARES E S A ot E R

6.2 45157 1T Feminik i 3%

Y #5 FEhAR il B

cht R RGR S
ps2 BRGRE
R RS BTE

Chen Tao HEK
VGA T/RSZELAIE M 2]
A IS 85 PR T O L PRSI
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6.3.1 ps2.v

always @(posedge clk) begin

pre_up=up;

pre_down=down;

pre left=left;

pre_right=right;

case (data)

10'h272:down= 1;
10'h372:down= 0;
10'h29:space= 1;
10'h129:space= 0;
10'h275:up= 1;
10'h375:up= 0;
10'h26B: left= 1;
10'h36B:left= 0;
10'h274:right = 1;
10'h374:right= 0;

endcase

if(pre_up==0&&up==1)begin
direction=0;

end

if(pre_down==0&&down==1)begin
direction=1;

end

if(pre left==0&&left==1)begin
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direction=2;
end
if (pre_right==0&&right==1)begin
direction=3;
end
end

6.3.2 map.v

always @(posedge reset) begin
// if(reset) begin

for(i=0;i<21;i=i+1) begin

for(j=0;j<21;j=j+1) begin
map[i][j] <= 2'bll;

end

end

for(i=0;i<21;i=i+1) begin
map[0][1] <= 1;
map[20]1[i] <= 1;

end

for(i=0;i<21;i=i+1) begin
map[i] [0]<=1;map[i][20]<=1;
end

map[1][1]<=0; //initial location of pac man

//2 5 6 17

map[1][10]<=1;map[4]1[10]<=1;map[5]1[10]<=1;map[16][10]<=1;

//3

map[2][2]1<=1;map[2][3]<=1;map[2][5]<=1;map[2][6]<=1;map[2][7]1<=1;
map[2][13]<=1;map[2][14]<=1;map[2][15]<=1;map[2][17]<=1;map[2][18]<=1;

//4

map[3]1[2]<=1;map[3][3]<=1;map[3]1[5]<=1;map[3]1[6]<=1;map[3]1[7]<=1;
map[3][13]<=1;map[3][14]<=1;map[3]1[15]<=1;map[3]1[17]<=1;map[3][18]<=1;

//7
map[6][2]<=1;map[6][3]<=1;map[6][5]<=1;map[6][8]<=1;map[6][9]<=1;map[6][10]<=1;
map[6][18]<=1;map[6][17]<=1;map[6][15]<=1;map[6][12]<=1;map[6][11]<=1;

//8

map[7]1[5]<=1;map[7][10]<=1;map[7][15]<=1;

//9
map[8][2]1<=1;map[8][1]<=1;map[8]1[5]<=1;map[8]1[6]<=1;map[8][7]1<=1;map[8][10]<=1;
map[8]1[19]1<=1;map[8][1]<=1;map[8][15]<=1;map[8]1[13]<=1;map[8][14]<=1;

//11

map[10][2]<=1;map[10][5]<=1;map[10][8]<=1;map[10][9]<=1;

map[10][10]<=0;

map[10][18]<=1;map[10][15]<=1;map[10][12]<=1;map[10][11]<=1;

//12

map[11][5]<=1;map[11][8]<=1;map[11][15]<=1;map[11][12]<=1;

//13
map[12][1]<=1;map[12][2]<=1;map[12][5]<=1;map[12][8]<=1;map[12][9]<=1;map[12][10]<=1;
map[12]1[19]<=1;map[12][18]<=1;map[12][15]<=1;map[12][12]<=1;map[12][11]<=1;
//14

map[13][5]<=1;map[13][15]<=1;

//15

map[14]1[2]1<=1;map[14][3]1<=1;map[1l4][8]<=1;map[l4][7]<=1;
map[14]1[18]<=1;map[14][17]<=1;map[14]1[12]<=1;map[14][13]<=1;

//16

map[15]1[3]1<=1;map[15]1[5]<=1;map[15]1[7]1<=1;map[15][8]<=1;map[15][10]<=1;
map[151[17]1<=1;map[15]1[15]<=1;map[15]1[13]1<=1;map[15][12]<=1;

//18
map[17]1[1]<=1;map[17]1[2]<=1;map[17]1[5]<=1;map[17][8]<=1;map[17]1[9]<=1;map[17]1[10]<=1;
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map[17]1[19]<=1;map[17][18]<=1;map[17]1[15]<=1;map[17][12]<=1;map[17]1[11]<=1;
//19
map[18] [4]<=1;map[18][5]<=1;map[18][10]<=1;
map[18][16]<=1;map[18][15]<=1;
// end
end

6.3.3 sys_rst

module sys rst(
input sw,
input clk,
output reg rst
);

logic [3:0] power on counter = 4'd0;
logic power_on_rst = 1'bl;

always @(posedge clk) begin
// power on reset
if (power_on rst) begin
if (power_on_counter < 4'd1l5) begin
power _on_counter <= power_on_counter + 1'bl;
rst <= 1'bl;
end else begin
power on rst <= 1'b0;
rst <= sw;
end
end else begin
// controlled by switch
rst <= sw;
end
end

endmodule

6.3.4 music

module music(
input rst, clk,
input [2:0] music select,
input eat,
output beep
)3

wire clk_ms;
wire [5:0] note;

clk ms 1 clk ms inst(
.clk(clk),
.clk ms(clk_ms)
)3

buzzer sync buzzer sync_inst(
.clk ms(clk _ms),
.rst(rst),
.eat fruit(eat),
.music selection(music_select),
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.note(note)
)3

buzzer driver buzzer driver inst(
.clk(clk),
.rst(rst),
.note(note),
.beep(beep)
)3

endmodule

6.3.4.1 buzzer_driver

module buzzer driver(
input logic clk,
input logic [5:0] note, // ref to note freq[]
input logic rst,
output logic beep
)i

// register and param
logic [31:0] counter;
integer threshold;

parameter CLK FREQ = 100 000 000;

integer note freq [0:47] = {
// C, C#, D, D#, E, F, F#, G, G#, A, A#, B
131, 139, 147, 156, 165, 175, 185, 196, 208, 220, 233, 247, // C3 - B3
262, 277, 294, 311, 330, 349, 370, 392, 415, 440, 466, 494, // C4 - B4
523, 554, 587, 622, 659, 698, 740, 784, 831, 880, 932, 988, // C5 - B5
1047, 1109, 1175, 1245, 1319, 1397, 1480, 1568, 1661, 1760, 1865, 1976 // C6 - B6

always @(posedge clk or posedge rst) begin
if(rst) begin
counter <= 0;
beep <= 0;
end else begin
if(note < 48) begin // valid note
threshold <= CLK FREQ / (2 * note freq[note]);
// counter imp
if(counter >= threshold) begin
counter <= 0;
beep <= ~beep;
end else begin
counter <= counter + 1;
end
end else begin // invalid note, or stop
threshold <= 0; // stop buzzer
beep <= 0;
end
end
end

endmodule

6.3.4.2 buzzer_sync
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// define the notes and their index
“define C3 0
“define C 3 1
“define D3 2
‘define D 3 3
“define E3 4
‘define F3 5
‘define F 3 6
‘define G3 7
‘define G 3 8
‘define A3 9
‘define A 3 10
‘define B3 11
‘define C4 12
“define C 4 13
“define D4 14
“define D 4 15
“define E4 16
“define F4 17
“define F 4 18
“define G4 19
“define G 4 20
“define A4 21
“define A 4 22
“define B4 23
“define C5 24
“define C 5 25
“define D5 26
‘define D 5 27
‘define E5 28

define F5 29

‘define F 5 30
“define G5 31
‘define G 5 32

define A5 33

‘define A 5 34
“define B5 35
“define C6 36
‘define C 6 37
‘define D6 38
‘define D 6 39
‘define E6 40
“define F6 41
“define F 6 42
“define G6 43
“define G 6 44
“define A6 45
“define A 6 46
“define B6 47
“define empty 48 // rest note

[ HRHFAKAAK KKK

*
*
*
*
*
*

*/

About music selection:

0:

idle

1: startup music

A W N

slow music
fast music
gameover music

“define IDLE 3'b000
“define STARTUP 3'b001
“define SLOW 3'b010
“define FAST 3'b011
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“define GAMEOVER 3'b100

module buzzer sync(
input logic [2:0] music_selection,
input logic eat_fruit,
input logic rst,
input logic clk_ms,
output logic [5:0] note
);

// start up music
integer startup_time = 4352; // ms
integer startup note time = 68; // ms
integer startup [0:63] = {
“C5, “empty, °'C6, “empty, 'G5, ‘empty, “E5, “empty, 'C6, "G5, 'E5, “empty, 'E5, “E5, "E5, “empty,
‘C 5, “empty, "C 6, ‘empty, 'G5, “empty, 'F5, “empty, 'C 6, 'G5, “F5, “empty, “F5, "F5, 'F5,
“empty,
“C5, ‘empty, 'C 6, “empty, 'G5, “empty, 'E5, “empty, 'C6, 'G5, "E5, ‘empty, "E5, "E5, 'E5, ‘empty,
‘D 5, 'E5, 'F5, ‘“empty, 'F5, 'F 5, 'G5, ‘empty, 'G5, ‘G 5, ‘A5, ‘empty, 'C6, “empty, “empty, “empty
};

// gameover music
integer gameover time = 2176; // ms
integer gameover note time = 136; // ms
integer gameover [0:15] = {
‘D6, ‘empty, 'C 6, “empty, 'C6, “empty, 'B5, “empty, ‘A 5, ‘empty, ‘D 3, ‘empty, ‘D 3, “empty,
‘empty, “empty
H

// slow music

integer slow_time = 374; // ms

integer slow_note_time = 17; // ms

integer fast_time = 220; // ms

integer fast_note time = 10; // ms

integer slow_and fast [0:21] = {
‘B4, 'C5, 'C5, ‘D5, ‘D 5, ‘E5, 'F5, 'F 5, 'G5, "G 5, “A5,
‘A5, A5, ‘G 5, 'G5, 'F 5, 'F5, 'E5, ‘D 5, ‘D5, 'C5, 'C5

15

// eat music
integer eat _time = 200; // ms
integer eat note time = 25; // ms
integer eat [0:7] = {
"C 5, '"F. 5, A5, “empty, 'B5, 'F5, 'A 4, “empty
}i

logic [2:0] music state;
integer counter;

logic eat_state;

logic eat state reg;
integer eat counter;

always @(posedge clk ms or posedge rst) begin

// reset

if(rst) begin
music state <= "IDLE; // set idle
counter <= 0;
eat state <= 0; // not eating
note <= ‘empty; // no sound
eat_state reg <= 0;

// other

end else if(eat_fruit) begin
eat_state <= 1;

end else begin
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// eat
if(eat_state) begin // Eating state
if(eat_counter < eat_time) begin
note <= eat[eat counter / eat note timel; // play the note for this ms
eat_counter <= eat counter + 1;
end else begin
eat_state <= 0; // stop eating
eat_counter <= 0;

end
// else
end else begin // Music state
if(music_state != music_selection) begin

music_state <= music_selection;
counter <= 0;
end else begin
counter <= counter + 1;
case(music_state)
"IDLE: note <= “empty; // idle, no sound
"STARTUP: begin
if(counter < startup time) begin
note <= startup[counter / startup note time]; // play the note for this ms
end else begin
music_state <= 'IDLE; // set idle
counter <= 0; // reset counter
end
end
"GAMEOVER: begin
if(counter < gameover time) begin
note <= gameover[counter / gameover note timel; // play the note for this ms
end else begin
music_state <= "IDLE; // set idle
counter <= 0;
end
end
“SLOW: begin
if(counter >= slow time) counter <= 0;
note <= slow_and_fast[counter / slow_note_time]; // play the note for this ms
end
“FAST: begin
if(counter >= fast time) counter <= 0;
note <= slow_and_fast[counter / fast_note_time]; // play the note for this ms
end
default: begin
music_state <= "IDLE; // set idle if invalid input
counter <= 0;
end
endcase
end
end
end
end

endmodule

6.3.4.3 clk_ms

module clk ms 1(
input logic clk,
output logic clk_ms

);
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logic [31:0] cnt;

initial begin
cnt <= 32'b0;
clk_ms <= 0;
end

wire [31:0] cnt_next;
assign cnt_next = cnt + 1'bl;

always @(posedge clk) begin
if(cnt<50 000)begin
cnt <= cnt next;
end
else begin
cnt <= 0;
clk ms <= ~clk ms;
end
end

endmodule

6.3.5 display

module display(
//>>>>> input <<<<<//
input rst, clk,
input wire [1:0] map [0:20] [0:201],
input wire [8:0] pacman x, pacman y, ghost x, ghost vy,
input wire [1:0] pacman direction, ghost direction, state, life count,
input wire [15:0] score,
//>>>>> output <<<<<//
output wire [3:0] vga red, vga green, vga blue,
output wire vga hsync, vga vsync
)i

wire clrn, vga_clk, rdn;

wire [11:0] data;

wire [8:0] row_addr;

wire [9:0] col_addr;

assign clrn = ~rst; // active low

//clkx clkx inst(

// .clk(clk),

// .vga_clk(vga clk),
// .reset(rst)

//);

wire [31:0] div_res;
assign vga clk = div _res[1]

clkdiv clkdiv_inst(
.clk(clk), .rst(rst), .div res(div_res)
)i

vga driver vga driver inst(
.vga clk(vga clk),
.d in(data),
.clrn(clrn),
.row addr(row_addr),
.col addr(col addr),
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)i

.r(vga_red),
.g(vga_green),
.b(vga_blue),
.rdn(rdn),
.hs(vga_hsync),
.vs(vga_vsync)

renderer renderer inst(

)

//>>>>> j_npu‘t <<<<<//
.v_sync(vga_vsync),

.clk(clk),

.rst(rst),

.rdn(rdn),

.row _addr(row_addr),
.col_addr(col_addr),

.map(map),

.pacman_x(pacman_x),
.pacman_y(pacman_y),

.ghost x(ghost x),

.ghost y(ghost_vy),

.pacman direction(pacman_direction),
.ghost direction(ghost direction),
.state(state),

.life count(life count),
.score(score),

//>>>>> output <<<<<//

.data out(data)

endmodule

6.3.5.1 renderer

// for every grid in input minimap
‘define grid have dot 2'bll
‘define grid is empty 2'b00
‘define grid have wall 2'b01
‘define state ready 2'b00

‘define state gameover 2'bll
‘define state idle 2'b0O1

module renderer(

// clock

input v_sync, // v_sync is used to track the frame

input clk, rst,

// from vga_driver

input rdn,

input wire [8:0] row_addr,

input wire [9:0] col addr,

// from game

input wire [1:0] map [0:20] [0:201],

input wire [8:0] pacman x, pacman_y, ghost x, ghost vy,
input wire [1:0] pacman direction, ghost direction,

input wire [1:0] state,
input wire [1:0] life count,

input wire [15:0] score, // BCD 4 digit game score

// to vga driver
output logic [11:0] data out
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[ />>>>>>>>>>>>>>>>>>>> ROM SETTING <<<<<<<<<<<<<<<<<<<<//
Y e S background
// logic [8:0] background row addr; // no need for address
// logic [9:0] background col addr; // no need for address
wire [11:0] rom_background data;
rom background controller rom background controller inst(
.clk(clk),
.row addr(row_addr),
.col addr(col addr),
.data(rom_background data)
);
/[ />>>>5>5555555555S5555S5S5>>>>> pacman
wire [1:0] pacman_number; // 0 1 2 3 2 1 for a period
cyclic 4 counter c4c _inst(
.v_sync(v_sync),
.rst(rst),
.count(pacman_number)
);
logic [4:0] rom pacman row addr, rom pacman col addr;
wire [11:0] rom pacman_data;
rom_pacman_controller rom_pacman_controller_inst(
.clk(clk),
.direction(pacman_direction),
.number (pacman_number),
.row addr(rom _pacman_row addr),
.col addr(rom pacman col addr),
.data(rom_pacman data)
)3
[ />>>>>55>555555555>555>>>>>>>>> ife icon
logic [4:0] rom life row addr, rom life col addr;
wire [11:0] rom_life data;
rom pacman controller life icon inst(
.clk(clk),
.direction(2'bll),
.number(2'b10),
.row addr(rom_life row addr),
.col addr(rom life col addr),
.data(rom_life data)
)i
[/ />>>>5>5555555555555555S5S55>>>> ghost
wire ghost number;
cyclic 2 counter c2c_inst(
.v_sync(v_sync),
.rst(rst),
.count(ghost number)
);
logic [4:0] rom_ghost_row_addr, rom_ghost col _addr; // no need for address
wire [11:0] rom ghost data; // no need for address
rom ghost controller rom ghost controller inst(
.clk(clk),
.direction(ghost direction),
.number(ghost number),
.row addr(rom ghost row addr),
.col addr(rom _ghost col addr),
.data(rom_ghost data)
)3
[ />>>>55555555555555>555>>>>5>>> numbers
wire [11:0] rom_numbers data;
logic [4:0] rom_numbers_row _addr, rom_numbers col addr;
logic [3:0] rom_numbers number; // 0 to 9
rom numbers controller rom numbers controller inst(
.clk(clk),
.number(rom_numbers_number),
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.row_addr(rom_numbers_row_addr),
.col _addr(rom_numbers col addr),
.data(rom_numbers_data)
);
e i [ S
logic [4:0] rom dot row _addr, rom dot col addr;
wire [11:0] rom dot data;
rom dot controller rom dot controller inst(
.clk(clk),
.row addr(rom_dot row addr),
.col addr(rom _dot col addr),
.data(rom_dot data)
)i
/[ />>>>>5>555555555>>>>>>>>>>>>>> State
logic [5:0] rom state row addr;
logic [7:0] rom state col addr;
logic rom state state; // 0 for ready, 1 for gamover
wire [11:0] rom state data;
rom state controller rom state controller inst(
.clk(clk),
.state(rom state state),
.row_addr(rom_state_ row_addr),
.col addr(rom state col addr),
.data(rom_state data)

//>>>>>>>>>>>>>>>>>>>> RENDERING <<<<<<<<<<<<<<<<<<<<//
always @(*) begin
if(rst) begin
rom_pacman_col_addr <= 0;
rom_pacman_row_addr <= 0;
rom_ghost _col_addr <= 0;
rom_ghost row addr <= 0;
rom_numbers_col_addr <= 0;
rom_numbers_row_addr <= 0;
rom_state row addr <= 0;
rom_state col addr <= 0;
rom_state state <= 0;
rom _dot col addr <= 0;
rom dot row addr <= 0;
data out <= 0;
end else
if(!rdn) begin

[ />>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 15 ghost

if(
row addr > 29 &&
col addr > 29 &&
row_addr - 30 > ghost y - 1 &&
row_addr - 30 < ghost_ y + 20 &&
col_addr - 30 > ghost_x - 1 &&
col_addr - 30 < ghost_x + 20

) begin

rom ghost row addr <= (row addr - 30) - ghost y;
rom ghost col addr <= (col addr - 30) - ghost x;
data out <= rom ghost data;
[/>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 1S5 pacman
end else if(
row_addr > 29 &&
col_addr > 29 &&

row_addr - 30 > pacman_y - 1 &&
row_addr - 30 < pacman_y + 20 &&
col_addr - 30 > pacman x - 1 &&
col_addr - 30 < pacman_x + 20
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) begin
rom_pacman_row_addr <= (row_addr - 30) - pacman_y;
rom_pacman_col_addr <= (col _addr - 30) - pacman_x;
data_out <= rom pacman_data;
[ />>>>S>SS>555555555555555>>>>>>>> 1S dot
end else if(
row_addr > 29 &&
row_addr < 450 &&
col_addr > 29 &&
col_addr < 450 && // in map
map[(row addr - 30) / 20][(col addr
) begin
rom _dot row addr <= (row_addr - 30)
rom dot col addr <= (col addr - 30)
data out <= rom _dot data;
[/>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 1s state and have to display
end else if(

30) / 20] == "grid_have _dot // have dot

o°

20;
20;

o°

row addr > 219 &&

row_addr < 280 &&

col addr > 459 &&

col addr < 600 && // in state bar

state != “state idle // have to display
) begin

rom state row addr <= row addr - 220;
rom state col addr <= col addr - 460;
data out <= rom state data;
if(state == “state ready) rom state state <= 0; // show ready
else rom state state <= 1; // show gameover
[ />>>>>>>>>5>>>>>>>>>>>>>>>>>>>> 1S number

end else if(

row_addr > 103 &&

row_addr < 125 &&

col_addr > 459 &&

col_addr < 553 // in number bar
) begin

if(col_addr > 459 && col_addr < 481) begin // first digit
rom_numbers_row_addr <= row_addr - 104;
rom_numbers _col addr <= col _addr - 460;
rom_numbers _number <= score[15:12];
data out <= rom numbers data;

end else if(col addr > 483 && col _addr < 505) begin // second digit
rom_numbers _row addr <= row_addr - 104;
rom_numbers col addr <= col addr - 484;
rom_numbers number <= score[11:8];
data out <= rom _numbers data;

end else if(col addr > 507 && col addr < 529) begin // third dight
rom_numbers row addr <= row_addr - 104;
rom_numbers col addr <= col _addr - 508;
rom_numbers number <= score[7:4];
data out <= rom numbers data;

end else if(col addr > 531 && col addr < 553) begin // fourth digit
rom _numbers row addr <= row_addr - 104;
rom _numbers col addr <= col addr - 532;
rom_numbers number <= score[3:0];
data out <= rom numbers data;

end else begin
data out <= 12'b0;

end

[ />>>>>5555555555555>555>>>>>>>> 15 life
end else if(

row_addr > 163 &&

row_addr < 184 &&

col addr > 459 &&

col_addr < 529 // in life bar
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) begin
if(col_addr > 459 && col_addr < 480 &% life count > 0) begin // first life
rom_life col addr <= col_addr - 460;
rom_life row addr <= row_addr - 164;
data out <= rom life data;
end else if(col_addr > 483 && col_addr < 504 && life_count > 1) begin // second life
rom_life col addr <= col_addr - 484;
rom_life row addr <= row_addr - 164;
data out <= rom life data;
end else if(col_addr > 507 && col _addr < 528 && life_count > 2) begin // third life
rom life col addr <= col addr - 508;
rom_life row addr <= row_addr - 164;
data out <= rom life data;
end else begin
data out <= 12'b0;
end
[ />>>>>>>>>>>>>>>>>>>>>>>>>>>>>> just show background
end else begin
data out <= rom_background data;
end
end
end

endmodule

6.3.5.2 cyclic_counter

‘define interval 5 // 12 fps

module cyclic 4 counter( // 0 12 3 2 1,
input v_sync, // frame by frame
input rst,
output wire [1:0] count

D3

logic [1:0] array [0:5] = {
2'b00, 2'b01, 2'b16, 2'b1ll, 2'blO, 2'bO1
+i

logic [3:0] interval counter; // up to interval = 16
logic [2:0] count_value; // 0 to 5

assign count = array[count value];

always @(negedge v_sync or posedge rst) begin
if(rst) begin
interval counter <= 0;
count_value <= 0;
end else begin
if(interval counter == “interval - 1) begin
interval counter <= 0;
count_value <= (count value + 1) % 6;
end else begin
interval_counter <= interval_counter + 1;
end
end
end

endmodule
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module cyclic 2 counter(
input v_sync, // frame by frame
input rst,
output logic count

)3

logic [2:0] inner_counter;

always @(posedge rst or negedge v_sync) begin
if(rst) begin
count <= 0;
inner_counter <= 0;
end else begin
if(inner_counter == ‘interval - 1) begin
inner_counter <= 0;
count <= ~count;
end else begin
inner_counter <= inner_counter + 1;
end
end
end

endmodule

6.3.5.3 rom_controllers

module rom background controller(
input clk,
input wire [8:0] row addr,
input wire [9:0] col addr,
output wire [11:0] data

)i

wire [18:0] rom_addr;
assign rom_addr = row_addr * 640 + col addr;

rom background 12 480 640 inst(

.clka(clk),
.addra(rom_addr),
.douta(data)

)3

endmodule

module rom dot controller(
input clk,
input wire [4:0] row_addr, col addr,
output wire [11:0] data

)i

wire [8:0] rom addr;
assign rom addr = row addr * 20 + col addr;

rom dot 12 20 20 inst(
.clka(clk),
.addra(rom_addr),
.douta(data)

)

endmodule
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module rom ghost controller(
input clk, number,
input wire [1:0] direction,
input wire [4:0] row_addr, col addr,
output wire [11:0] data
)3

wire [11:0] rom_ addr;
assign rom_addr = direction * 800 + number * 400 + row _addr * 20 + col addr;

rom ghost 12 8 20 20 inst(
.clka(clk),
.addra(rom_addr),
.douta(data)

)i

endmodule

module rom pacman_controller(
input clk,
input wire [1:0] direction, number,
input wire [4:0] row addr, col addr,
output wire [11:0] data

)i

wire [12:0] rom_addr;
assign rom addr = direction * 1600 + number * 400 + row addr * 20 + col addr;

rom pacman 12 16 20 20 inst(

.clka(clk),
.addra(rom_addr),
.douta(data)

)3

endmodule

module rom pacman_controller(
input clk,
input wire [1:0] direction, number,
input wire [4:0] row addr, col addr,
output wire [11:0] data

)i

wire [12:0] rom_addr;
assign rom addr = direction * 1600 + number * 400 + row addr * 20 + col addr;

rom pacman 12 16 20 20 inst(

.clka(clk),
.addra(rom_addr),
.douta(data)

)

endmodule

module rom state controller(
input clk,
input state, // 0 ready, 1 gameover, only calleed when needed
input wire [5:0] row addr,
input wire [7:0] col addr,
output wire [11:0] data
)3

wire [14:0] rom_addr;
assign rom_addr = state * 8400 + row _addr * 140 + col addr;
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rom state 12

2 60 140 inst(

.clka(clk),
.addra(rom_addr),
.douta(data)

)i

endmodule

# Main clock
set_property
set_property
create clock

# buzzer
set_property
set_property

# VGA

set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set property
set_property
set_property
set _property
set _property
set _property

# PS2

set property
set property
set property
set property

6.3.6 project_consraints.xdc

PACKAGE_PIN AC18 [get ports clk]
IOSTANDARD LVCM0S18 [get ports clk]
-period 9.9305 -name clk [get ports "clk"]

PACKAGE_PIN AF25 [get ports beep]
IOSTANDARD LVCMOS33 [get ports beepl

PACKAGE_PIN N21 [get ports {red[0]}]
PACKAGE PIN N22 [get ports {red[1]}]
PACKAGE_PIN R21 [get ports {red[2]}]
PACKAGE_PIN P21 [get ports {red[31}]
IOSTANDARD LVCMOS33 [get ports {red[0]}
TOSTANDARD LVCMOS33 [get ports {red[1]}
TOSTANDARD LVCMOS33 [get ports {red[2]}
IOSTANDARD LVCMOS33 [get ports {red[3]}
PACKAGE PIN R22 [get ports {green[0]}]
PACKAGE_PIN R23 [get ports {green[1]}]
PACKAGE_PIN T24 [get ports {green[2]}]
PACKAGE _PIN T25 [get ports {green[3]}]
IOSTANDARD LVCM0S33 [get_ports {green[0]}]
TIOSTANDARD LVCMOS33 [get_ports {green[1]}]
IOSTANDARD LVCM0S33 [get_ports {green[2]}]
IOSTANDARD LVCMO0S33 [get ports {green[3]}]
PACKAGE_PIN T20 [get ports {blue[0]}]
PACKAGE_PIN R20 [get ports {blue[1]}]
PACKAGE_PIN T22 [get ports {blue[2]}]
PACKAGE_PIN T23 [get ports {blue[3]}]
IOSTANDARD LVCMO0S33 [get ports {blue[0]}]
IOSTANDARD LVCMO0S33 [get ports {blue[1]}]
IOSTANDARD LVCMO0S33 [get ports {blue[2]}]
IOSTANDARD LVCMO0S33 [get ports {blue[3]}]
PACKAGE_PIN M22 [get ports {h sync}]
IOSTANDARD LVCMOS33 [get ports {h sync}]
PACKAGE_PIN M21 [get ports {v_sync}]
IOSTANDARD LVCMOS33 [get ports {v_sync}]

1
]
]
]

PACKAGE PIN N18 [get ports PS2 clk]
IOSTANDARD LVCMOS33 [get_ports PS2_clk]
PACKAGE PIN M19 [get ports PS2 datal
IOSTANDARD LVCMOS33 [get ports PS2 data]
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# Reset switch
set _property PACKAGE PIN AA10 [get ports {sw}]
set _property IOSTANDARD LVCMOS15 [get ports {sw}]

4 HABFAS

6.4.1 png_convertor.py

from PIL import Image

def rgb to 12bit hex(rgb):
r, g, b = (rgb[0] >> 4, rgb[1] >> 4, rgb[2] >> 4)
return f'{r:01x}{g:01x}{b:01x}"

def convert png to coe(png path, coe path):
# ipen png file
img = Image.open(png_path).convert('RGB")
size = img.size
pixels = list(img.getdata())

hex_pixels = [rgb to 12bit hex(pixel) for pixel in pixels]

# write

with open(coe path, 'w') as coe file:
coe_file.write('memory initialization radix=16;\n")
coe_file.write('memory initialization vector=\n')
for i, hex pixel in enumerate(hex pixels):

if i '=0 and i % size[0] ==
coe_file.write(',\n')
else:
if i 1= 0:
coe file.write(', ')

coe file.write(hex pixel)
coe_file.write(';\n")

convert_png to_coe('image.png', 'image.coe')
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